In this paper the selected results of testing of tube coil heat exchanger have been presented. The investigated heat exchanger is designed to preheating domestic warm water with the use of waste heat from air conditioning system. The tested device consists of finned tube coil heat exchanger immersed in the thermal storage tank. The tank is equipped with three heating coils and the cylindrical-shaped temperature stratification system. Two coils use water as a heating medium. The third, double-wall heat exchanger coil is filled with the refrigerant from the air conditioning system. The industrial stand enables the experimental investigations of thermal and flow characteristics of the exchanger. In the paper the authors present the technological scheme of the test stand, specification of components of the stand, research possibilities and the exemplary results of characteristic temperature and pressure measurements.
Introduction
Coil heat exchangers have wide application in several fields of engineering. They are used in refrigerators, chemical reactors, steam generators, domestic hot water systems. In general they can be used as coolers, heaters, condensers or evaporators. Coiled tube heat exchangers offer some unique advantages: heat transfer between more than two streams, a large number of heat transfer unit and high operating pressure. Helical coils are used for various processes since they can accommodate a large heat transfer area in compact space, with high heat transfer coefficients. Coil heat exchangers were the subject of many investigations. Papers [1] [2] [3] [4] [5] [6] are the examples of works on exchangers considered.
The present paper deals with the special type of coil heat exchanger. An important feature of the exchanger is waste heat recovery. The exchanger con-132 J. Wilk, R. Smusz sists of three finned coils immersed in the tank. Two coils are standard designed to warm the hot domestic water in the storage tank with the use of the water as a heating medium. The third coil is filled with the refrigerant which transfers the waste heat from the air conditioning system. The special buffer layer filled with the nanofluid is mounted in the coil to prevent possible refrigerant leakage. Cu/water nanofluid is used to reduce a thermal resistance of the buffer layer. Thermal tank is equipped with a temperature stratification device. It is designed for improving of heated water stratification level. Presented in this paper the industrial stand enables experimental investigations of the proposed coiled tube heat exchanger. The main aim of the investigations was to determine the influence of the application of the special device on the stratification of water temperature in the storage tank of the exchanger. The second goal was to obtain the thermal efficiency of the heat recovery system.
Test stand for investigations of coil heat exchanger
The presented test stand is equipped with measuring system for obtaining thermal and flow characteristics of the exchanger. It is based on the measure of: temperature, pressure, flow rate and heat loss with the use of special apparatus. The applied data recording system allows to collect and store measuring data. The technological scheme of the experimental stand is shown in figure 1 . In turn figure 2 presents the general view of test section including the storage tank with applied sensors, supply pipes of heat exchanger and computer system for measuring control and data acquisition. The main elements of the experimental stand are: the storage tank, upper and lower water coils, the coil with refrigerant, the additional buffer tank and the thermostat. Two water coils are supplied with heating water with the use of the pump with a manifold. To ensure stabilization of the heating water temperature the additional buffer tank was applied. The third coil that uses waste heat is connected with the air conditioning system. Regulation of the flow rate of the working media is carried out with flow control valves. The measuring equipment located on the test stand enables measurements of the following parameters characterizing the operation of the considered heat exchanger:
-supply and return temperatures of working medium in each coil, -inlet and exit pressure of working medium if each coil, -volumetric flow rate in water coils, -temperature of the outer surface of the tank, -ambient temperature, -heat loss from the outer surface of the storage tank.
To determine the thermal power and pressure drop in coils the following sensors are used:
-six resistive temperature sensors AP-TOP-VFGPt100 (Kompart Pomiar),
-six piezo pressure transducers A-10 (WIKA) of measurement range 0÷6 bar mounted on water coils, -two piezo pressure transducers A-10 (WIKA) of measurement range 0÷40 bar mounted on the coil of heat recovery, -two turbine flow meters TM44 (Tecfluid). The eight resistive temperature sensors M-FK 1020 (Heraeus Sensor-Nite GmbH) are mounted on the surface of the tank to measure the stratification of domestic hot water temperature in the storage tank. To determine heat loss from the tank three film heat flux sensors HFS-3 (OMEGA) are used. Two sensors have a sensitivity of 1.9 µV/W/m 2 , one sensor has a sensitivity of 22.3 µV/W/m 2 . Additionally, one resistive temperature sensor TP-992Pt1000 (CZAKI Termoprodukt) is used to measure the ambient temperature.
-
The power supply of temperature and pressure sensors is realized by twochannel power adapters Aplisens Zl-25-01. Data logging is carried out with the recorder GL820 and GL220 (DATAQ®). Sequence of measurements is con-trolled by the software DATAQ®. The location of heat flux and temperature sensors on the surface of the tank is presented in figure 3 . Temperature sensors T1 and T8 are placed at the bottom and the top of the tank, respectively. They measure the temperature at the highest and lowest point of the storage tank. A total of 26 parameters is measured and recorded with the use of data acquisition system.
Results of measurements
Basic measurements of the considered tube coil heat exchanger were performed during thermal supplying of the storage tank with the use of the coil filled with the refrigerant which transferred the waste heat from the air conditioning system. Changes in time of supply and return temperatures of the refrigerant being working medium are presented in figure 4 . Figure 5 shows changes of the pressure at the inlet and outlet of the coil of heat recovery. The mean supply temperature of working medium during the process of the heating of water in storage tank with the use of the coil of heat recovery was equal to 44.74 o C. The return temperature was respectively 40.2 0 C. The mean value of supply pressure was 1601.6 kPa and of return pressure was 1594.6 kPa. The pressure drop of the refrigerant during the flow through the coil heat exchanger was equal to 7 kPa. Exemplary results of measurements of water in the storage tank are presented in figure 6. Temperature changes during the heating process measured with sensors T1, T8 located at the bottom and the top of the tank are shown. Additionally, the temperature from sensor T2 (according to Figure 3 ) is presented. The point T2 is located at a height relative to the bottom of the tank equal to 0.27. The example in Figure 6 refers to water heating process with the use of the coil exchanger of heat recovery system. 
Conclusions
The presented test stand has been built to research the tube coil heat exchanger designed to warm domestic hot water with the use of waste heat from air conditioning system. The test stand enables the experimental investigations of thermal and flow characteristics of the exchanger. On the basis of some selected results of the investigation the following conclusions on the operation of the exchanger can be formulated: 1) Supply and return temperature of working medium is stabilized after about 250 seconds' thermal start-up. It is the result of thermal inertia of the installation and the temperature sensors.
2) The observed oscillations of temperature and pressure of working medium are the effect of cyclic operation of the compressor unit of the air conditioning system.
3) The applied refrigerant R407C is a superheated vapor at the inlet of the coil. Saturation temperature of R407C is 36.4°C, at return pressure 15.946 bar. Thus, at the exit of the coil the refrigerant is a saturated liquid-vapor mixture. The partial condensation of the refrigerant is the result of a relatively high water temperature in the storage tank. 4) The relatively fast water heating process is observed. This is represented by changes of temperature T2 and T8 as shown in figure 6. Hot water is transported to the upper zone of the storage tank by a system of temperature stratification. 5) In the bottom zone of the tank the increase in water temperature is low.
Thus, the difference between refrigerant temperature and the temperature of water in the tank does not decrease and the operation of heat recovery system is improved.
